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ABSTRACT 
 
The applicability of MERIS data for the retrieval of 
water constituent concentrations in oligo- to mesotrophic 
perialpine lakes is demonstrated by means of two different 
algorithms. The C2R algorithm is an easily applicable 
neural network processor which is bound to MERIS data. 
The MIP algorithm is a complex, coupled inversion 
program, which can be used with a variety of remote 
sensing sensors, but requires extensive parameterization. 
Both algorithms were applied with the ICOL adjacency 
effect correction. C2R’s potential for automatic processing 
of large data quantities is validated in a time series study 
with water quality monitoring data. Individual C2R image 
products are then compared to MIP, which will allow for an 
extended comparison with new APEX hyperspectral data in 
the near future. 
 
Index Terms— Water constituents, case 2, inland 
water, chlorophyll 
 
1. INTRODUCTION 
 
Ongoing progress in the development of case II water 
constituent retrieval algorithms has led to a variety of 
different applications, ranging from simple, user-friendly 
data processors to complex, demanding processing systems. 
We compare on one hand MERIS’ inland water processors 
(MERIS C2R), which are available through ESA’s BEAM 
toolbox [1]. On the other hand, we apply a coupled air/water 
constituent algorithm based on the inversion of a radiative 
transfer database to MERIS data (MIP, [2]). An adjacency 
effect correction procedure (ICOL, [3]), which is also 
available as BEAM plugin, was evaluated with both 
methods.  
The target area in the perialpine region consists of oligo- 
to mesotrophic lakes. Relatively small variations in their 
phytoplankton concentrations make them a challenging 
study object for remote sensing applications. The validation 
campaign of ESA’s MERIS Lakes project included Lake 
Constance as a representative of these perialpine lakes 
among other sites. The campaign on Lake Constance 
included measurements of optical in situ data, the analysis 
of corresponding laboratory samples and comparisons with 
two MERIS images, all acquired within one week. It 
revealed that the retrieval of total suspended matter (TSM) 
is quite accurate, while the retrieval of chlorophyll-a (CHL) 
remains problematic [4, 5]. However, CHL is considered the 
most important optically active parameter in perialpine 
lakes. It is therefore monitored in situ, either bi-weekly or 
monthly, with either fluorescence probes or sample 
laboratory analysis. Such data cannot be taken as equivalent 
to remote sensing derived products, since they represent 
different sections of the water body. Nevertheless, they can 
be used for validation, where match-ups with satellite image 
acquisition occur [6]. We therefore applied both C2R and 
MIP to ICOL corrected and uncorrected data, and compared 
the CHL products with one another as well as with the CHL 
concentrations measured in the context of water quality 
monitoring programs. 
 
2. METHODS 
 
ICOL performs adjacency effect correction for a two 
layer model based on a primary scattering approximation, 
either for Rayleigh scattering only or including aerosol 
scattering. It can be applied with a minimum 
parameterization effort [3]. The same applies to the MERIS 
C2R neural networks (NN), which enable fast command line 
processing of large quantities of data [1]. This easy 
applicability is the main advantage of C2R over MIP, while 
the main advantage of MIP is that its use is not limited to a 
single sensor like ICOL and C2R are, but can be extended to 
any sensor that is suitable for the detection of water 
constituents. However, MIP requires rather complex 
parameterization regarding specific inherent optical 
properties (SIOP), aerosol model, and channel wise 
weighting and recalibration. The latter addresses systematic 
biases between the simplified ratiative transfer model and 
the data as measured by the sensor, or between data 
measured by different sensors as found for example in a 
comparison of ASTER and MODIS [2]. The present 
parameterization of MIP for use with MERIS data was 
optimized on the basis of the optical in situ measurements 
taken in the MERIS Lakes validation field campaigns and 
from independent campaigns on Lakes Garda and Geneva. 
ICOL, C2R and MIP are joined in an automatic, IDL 
based processing environment, which supports the 
extraction of arbitrary parameters in predefined areas or 
sites [7]. The C2R processing scheme is shown in Figure 1. 
The implementation of MIP leads to two additional 
processing branches, receiving their input once directly from 
smile correction and once as a L1C scene, as shown for 
C2R. 
 
 
Figure 1: Flow-chart of the ICOL/C2R image processing 
scheme applied to the MERIS images.  
 
3. RESULTS 
 
The easy applicability of C2R in the described 
processing scheme allows for the comparison of large CHL 
in situ monitoring datasets of several perialpine lakes (Biel, 
Constance, Garda, Geneva, Maggiore, Zug, Zurich) with a 
collection of 240 MERIS images of the years 2003-2007. 
Correlations between R2=0.5 to 0.8 are found for HPLC as 
well as fluorescence probe measured reference datasets of 
the top 5 m layer, even where a temporal offset of a few 
days has to be accepted in order to get a sufficient number 
of matchups. However, the application of ICOL did not in 
all cases improve the correlation of CHL, although it always 
leads to an improved atmospheric correction with more 
adequate remote sensing reflectance estimates. It rather 
changes the gain of the linear relationship between satellite 
and in situ measurement. This gain varies in the same order 
between different lakes (and possibly between in situ 
measurement methods) as it varies due to ICOL application, 
making further interpretation difficult. In the example of 
Lake Zurich, ICOL improves the underestimation of HPLC 
reference concentrations prior to adjacency effect correction 
(Figure 2 and Figure 3). However, in other examples such as 
the fluorescence probe reference data of Lake Geneva, the 
slight overestimation without ICOL is further increased. But 
in both cases, the parameterization of a linear regression 
with temporal matchups allows to produce widely congruent 
time series with a larger number of MERIS images that do 
not sufficiently coincide with in situ acquisitions (e. g. Lake 
Zurich, Figure 4, [7]).  
 
 
Figure 2: Lake Zurich matchups without ICOL 
correction. When the linear regression is applied, the 
RMSE is 1.85 mg/m3 (absolute) and 38% (relative). 
 
 
Figure 3: Lake Zurich matchups with ICOL correction. 
When the linear regression is applied, the RMSE is 1.87 
mg/m3 (absolute) and 37% (relative). 
 
Figure 4: Lake Zurich time series of 0-5 m averaged 
HPLC samples and C2R (with and without ICOL) 
estimate after application of the linear regression in 
Figure 2 and Figure 3. 
 
Efforts to find a universal parameterization for MIP 
processing of MERIS images of perialpine lakes are 
ongoing, although its nature to invert atmosphere and water 
layers at once complicates the accurate modeling especially 
of observations at increased atmospheric optical thickness. 
Furthermore, the influence of adjacency effects is much 
more accentuated in MIP results than with C2R, since 
C2R’s atmospheric correction NN is bound to assign 
reasonable reflectance spectra for any radiance input. The 
inversion carried out by MIP however widely depends on an 
accurate consideration of physical processes. If the 
atmospheric conditions are favorable, the MIP 
parameterization derived from the MERIS Lakes datasets 
leads to robust results. Otherwise, an individual 
parameterization based on optical in situ measurements is 
required. These circumstances make C2R more suitable for 
automatic processing without user interaction, while MIP 
has a larger potential in the understanding of physical 
processes, including the adjustment of SIOPs or 
comparisons with other sensors.  
 
4. OUTLOOK 
 
In order to further investigate the uncertainties found in 
previous work, another field campaign was carried out on 
Lake Constance on 18 June 2009. In situ reflectance 
measurements, depth resolved fluorescence probe CHL 
estimates and sporadic surface reference samples for HPLC 
analysis were collected in 20 sites on 4 transects across the 
main basin of the lake. The same area was concurrently 
imaged with the hyperspectral sensor APEX [8]. 
Furthermore, the MERIS image acquired the day before 
under clear sky conditions is assumed to be comparable as 
far as water constituents are concerned, since there was 
hardly any wind in the time between. The experimental 
setup was chosen in order to address the following topics: 
(1) To improve the MERIS CHL estimates accuracy (e.g. 
SIOP, towards the shore); (2) To study the comparability of 
air- and spaceborne remote sensing estimates with depth 
resolved reference data and corresponding linear 
regressions; (3) To compare the spatial and radiometric 
resolving capacity of small water constituent concentration 
variations by APEX (MIP) and MERIS (C2R and MIP). 
Preliminary results for the fluorescence probe 
measurements show small scale concentration variations 
between 2.5 and 4.5 mg/m3 CHL in the top 5 m layer. 
Concentration peaks of up to 15 mg/m3 CHL are at 5-10 m 
depth. CHL decreases towards zero at the surface in all 
profiles, but the reliability of fluorescence probe data at the 
very surface will have to be validated with the HPLC 
samples. The C2R CHL output for the MERIS image of 17 
June 2009 is in agreement with the results summarized for 
the time series experiment described above. The patterns 
shown by the ICOL corrected and uncorrected product are 
quite similar, but the absolute concentrations without ICOL 
correction are about twice those without (Figure 5). MIP 
was successfully applied to the same MERIS image with the 
standard calibration optimized for the MERIS Lakes data 
[5]. The result without ICOL correction shows strongly 
pronounced adjacency effects, especially in the narrow 
basins of Überlingersee (north west) and Untersee (west), as 
well as along the shoreline of the main basin. ICOL 
correction accounts for this, and leads to a reduction of 
concentrations in MIP results (Figure 6) rather than an 
increase as with C2R (Figure 5).  
 
 
Figure 5: CHL concentrations in Lake Constance on 17 
June 2009, as calculated by C2R without (left) and with 
(right) ICOL correction.  
 
Figure 6: CHL concentrations in Lake Constance on 17 
June 2009, as calculated by MIP without (left) and with 
(right) ICOL correction. 
 
When compared to the top 5 m average of the 
fluorescence probe data, no correlation is found with either 
MERIS product, since the variations are below the 2-4 
mg/m3 RMSE found in the C2R validation [7]. An improved 
depth representation of the depth profile data may help to 
ease this general comparability issue. When looking at the 
total variation of CHL in the 20 reference sites, the ICOL 
corrected MIP output reveals about twice the variation of 
the ICOL corrected C2R output (1.3 vs. 0.7 mg/m3), raising 
the question if this is a sign of higher sensitivity to CHL 
variation or just noise. In this respect, the atmospheric 
optical thickness (AOT) and total suspended matter (TSM) 
outputs of the two algorithms can be considered. The AOT 
map of C2R displays certain features of aquatic origin, such 
as the outline of the river Rhine plume in the very east of the 
lake (Figure 7). In contrast, MIP’s AOT map is very 
homogeneous (Figure 8), indicating a better decoupling of 
atmosphere and water. However, the apparently improved 
details in the MIP TSM product are only due to the color 
table, in fact the two TSM products are qualitatively very 
similar.  
 
 
Figure 7: ICOL corrected AOT and TSM output of the 
C2R algorithm for Lake Constance on 17 June 2009. 
 
 
Figure 8 ICOL corrected AOT and TSM output of the 
MIP algorithm for Lake Constance on 17 June 2009. 
 
The corresponding APEX data is still in process, but 
should help to bridge the gap between the in situ 
measurements and the MERIS estimates discussed here. The 
ambiguity of linear regression factors, which depend on 
adjacency effects, the type of reference data and the limnic 
environment at the same time, should be less problematic 
than with MERIS. Furthermore, the spatio-temporally more 
representative APEX derived CHL product will give a 
means to validate the patterns seen by MERIS, and to 
simulate the patterns as they may be seen by other sensors, 
making use of MIP’s multi-sensor applicability [2]. 
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